Aside from affecting tax expectations, the U.S. President holds a unique position to influence economic sentiment. We apply a probabilistic topic model and a dictionary-based sentiment analysis to extract information on the tone and the prevalence of tax policy in public statements by the U.S. president. Our econometric analyses show that prioritizing tax policy temporarily stimulates consumption, investment, and output. A positive tone in presidential tax news suggests that these results stem from sentiment effects. In accordance, we find that confidence rises and policy uncertainty decreases in response to more precise tax communication. The positive effect on output persists after controlling for tax foresight, underscoring the existence of a distinct sentiment effect.
Introduction
Economic research has shown that presidential speeches on future tax changes can lead to shifts in expectations, affecting economic activity well ahead of the actual policy implementation (see e.g. Mertens and Ravn, 2011; Leeper et al., 2012; Leeper et al., 2013b ). Yet, economists have paid 5 scant attention to how presidential tax policy communication impacts economic output via sentiment effects. Blinder and Watson (2016) have recently revived the interest in the U.S. president by investigating why the U.S. economy has consistently performed better during Democratic than during Republican presidencies. We contribute to this strand of literature by analyzing how presidential 10 tax policy announcements evoke sentiment effects and, in turn, affect economic activity.
As the central actor on the political stage, the president receives broad attention which allows him to exert influence on public opinion. This notion is strengthened by empirical findings from Wood et al. (2005) who show that the 15 incumbent can raise sentiment by giving optimistic remarks on the state of the economy. Eshbaugh-Soha (2013) further add to this notion by emphasizing the importance of presidential rhetoric. He shows that news reports, covering presidential press conferences, often use the president's words. With approval ratings in mind, presidents tend to form favorable images of their economic plans.
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During economic slack, the government enacts stimulus packages and advertises campaigns to signal that the administration is working on improving the economic situation. During economic expansions, presidents try to make sure that the public attributes the economic prosperity to their legislation (De Boef and Kellstedt, 2004) . Independent of rhetorical means, presidents also have the 25 ability to direct media attention towards issues that are on the government's political agenda (Miles, 2014) .
Measuring policy statements is a difficult task as it requires the quantification of written records. This typically entails two problems. First, the collection and quantification of text data is often costly in terms of time and resources.
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Second, narrative measures are often prone to subjectivity due to their manual compilation (DiMaggio et al., 2013; Grimmer and Stewart, 2013) .
To overcome these difficulties and to introduce the analysis of presidential tax communication to economics, we apply Latent Dirichlet Allocation (LDA)
by Blei et al. (2003) . LDA is a probabilistic topic model developed in the field It further allows terms to vary in meaning across different contexts (DiMaggio et al., 2013) . LDA has recently found its way into economic research, mainly to analyze the effects of central bank communication on economic performance (see, e.g., Fligstein et al., 2014; Acosta, 2015; Hansen and McMahon, 2016) .
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We use LDA to construct a measure that indicates to what extent a presidential document is related to tax policy issues. Since tax announcements most likely affect spending and investment decisions, we first investigate the impact of tax speeches on GDP and its constituents. We then investigate two transmission channels through which these announcements may affect the economy, 50 namely consumer confidence and policy uncertainty.
Our approach is related to Wood et al. (2005) , but differs in three distinct respects. First, in contrast to analyzing general economic statements, we identify tax policy relevant documents. This is an important difference as tax policy changes entail prospects of changing disposable income and thus have a direct 55 effect on economic sentiment. Second, we expand the analysis to the effects of tax announcements on policy uncertainty measures since a decrease in tax policy uncertainty can have a positive effect on economic activity (see, e.g., Fernández-Villaverde et al., 2015) . Finally, compared to a word-count algorithm, our approach is less prone to subjectivity when it comes to selecting the 60 relevant tax policy speeches.
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To analyze the effects of presidential tax news we extend the structural vector-autoregressive (SVAR) frameworks of Blanchard and Perotti (2002) and Leeper et al. (2013b) . The impulse response analyses show that output, private consumption and investment react positively to a rise in our tax policy news 65 measure. A subsequent analysis shows that the positive stimulus persists even after controlling for tax foresight.
In conjunction with the transitory dynamics in output, private consumption, and investment, these results are suggestive of sentiment effects. A dictionarybased analysis (see, e.g., Hansen and McMahon, 2016) confirms that presidents 70 adopt a positive tone in their announcements to convey a favorable image of their tax policy. Building on these findings, we show that confidence rises and economic policy uncertainty declines after more precise tax communication. Both channels can account for temporary increases in consumption, investment and output (see, e.g., Angeletos et al., 2014; Huo and Takayama, 2015; Fernández-75 Villaverde et al., 2015; Ahmed and Cassou, 2016) .
The remainder of this paper is organized as follows. Section 2 explains LDA and our data retrieval process. Section 3 presents the econometric framework as well as our empirical results. Section 4 concludes.
Latent Dirichlet Allocation
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Latent Dirichlet Allocation (LDA) is an algorithm that belongs to a class of so called probabilistic topic models which enable the computational analysis of written texts. LDA assumes that documents are distributions over topics, where each topic is a distribution over words (Blei, 2012) .
Assume that a corpus consists of K pre-determined topics, D documents 85 and N words where each document is a vector of n words (w). Under these assumptions a blank document d is filled by iterating over three steps:
Topic proportions are drawn from a dirichlet distribution that is parameterized by a vector α. This first step sets the document's content.
Each word is randomly assigned to one topic. The higher the proportion for a certain topic, the higher the probability that a word gets assigned to it.
3. w n |z n , β 1:
Given the topic assignment (z n ) and all topics (β 1:K ), the word is randomly drawn from the topic it was assigned to.
The following joint distribution of the hidden (β, θ and z) and observed (w) variables summarizes the dependencies outlined in the generative process:
(1)
The only observed data for statistical inference are the words. To reveal the 100 hidden variables from given documents, LDA reverses the generative process, asking which hidden structure most likely generated the observed documents (Blei, 2012 ).
An important feature of LDA is that it reveals hidden topics without additional information on the collection of documents, such as topic labels, clas-105 sifications or annotations. The sole data input is a document-term-frequency matrix that records the occurrences of all words in each document. Based on this data, LDA automatically reveals a pre-specified number of topics that best fits the generative process of the documents.
Data retrieval and preparation for LDA
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Our source for presidential documents is The American Presidency Project, an online resource dedicated to the study of the U.S. Presidency by Woolley and Peters (2015) . This corpus contains thousands of presidential speeches, radio addresses, State of the Union addresses, inaugural speeches, press conferences and statements from the White House.
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We use an automated algorithm to collect each document from 1945 to 2015 together with metadata. For each speech, we record the date, the title and the speaker, along with an ID that uniquely identifies each document (see Table 1 ).
[ Table 1 about here.]
The unprocessed corpus contains 97, 819 documents, comprising a total of 120 114, 238, 073 words. To reduce complexity, we pre-process all documents according to standard routines in computational linguistics (see e.g., Griffiths and Steyvers, 2004; Blei and Lafferty, 2009; DiMaggio et al., 2013) . We separate words by delimiting characters such as hyphens or apostrophes. We also remove words with less than three letters, words that belong to a standard stoplist (i.e., 125 articles, conjunctions or common functional words such as the, also, or because), and words that occur only once in each document. Individual characters and numbers are removed as well. As a result, we obtain a condensed corpus of 67, 133 unique words that appear 42, 755, 140 times in total. Table 2 provides descriptive statistics on the corpus.
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[ Table 2 about here.]
The processed corpus is transformed into a document-term-frequency matrix that serves as input for LDA.
Application of LDA to the presidential public papers
We apply LDA to perform 5000 iterations on our corpus to reveal the 100 135 most prevalent topics. Our choice for the number of topics reflects the careful examination of a trade-off: If the present number of topics is too small, topics are potentially inflated and too general for specific analyses. By the same token, setting the number of topics too large results in an over-fitting. This causes a subdivision of one into many related topics which hinders their interpretation 140 (DiMaggio et al., 2013) . Since we aim to find the best fit for the latent topics contained in the corpus, we ran the algorithm with 50, 75, 100, and 150 topics.
A calibration of 100 topics yields the best-behaved topics with respect to the outlined trade-off.
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[ Table 3 gives an excerpt of eight topics revealed by LDA. For each topic, we show the 20 most likely words in descending order of probability within that topic. Since LDA finds topics solely based on relational occurrences of words, each topic is solely given a number from 1 to 100 (topic order has no significance). It is up to the researcher to make meaning of each topic (DiMaggio 150 et al., 2013) . For illustrative purposes, we have added the following headlines:
Tax policy, Government spending, Legislation, Political parties, Health care, Civil rights, Freedom, and US armed forces. Our choice for headlines is based on those words that appear with high probability within each topic.
Constructing a monthly tax news measure
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A visual inspection of Table 3 shows the high cohesiveness of words within each topic. As the aim of this paper is to study the effects of tax policy news on macroeconomic aggregates, we choose topic 27 as our tax topic since it comprises words like tax, income, pay, or taxpayer with high probability.
To analyze the prevalence of tax policy news over time, we construct a con-160 secutive time series that we label tax policy news measure (TPNM). Following Griffiths and Steyvers (2004) , we use the results from LDA to compute topic proportions for each document. This is done by counting how many times a word in a document was assigned to topic 27. The resulting time series has 97,819 observations (i.e. number of documents), which occur at different inter-165 vals as presidential announcements do not necessarily occur on a daily basis. To obtain a monthly time series, we select that document that exhibits the highest tax topic proportion per month. We refrain from averaging over all documents within a month as a large number of presidential public papers do not address tax issues. The large number of documents that are silent on tax issues (i.e., tax 170 topic proportion close to zero) would bias the time series towards zero. Aside from this technical reason, our approach is supported by findings from political science which show that the president's unique position ensures that a single announcement often suffices to draw attention by the press and the public (see, e.g., Zeidenstein, 1984; Miles, 2014) . Appendix A shows selected quotes from 175 documents that have a high proportion for topic 27.
Figures 1 and 2 plot the TPNM along with legislative lags from documented U.S. tax reforms (see Yang, 2007 even though the debated tax change was never enacted (Leeper et al., 2013a) .
Evidence for such content in our measure is given by statements such as the "Re-
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marks Announcing Veto of a Tax Reduction Bill" (December 17, 1975) 
The effects of presidential tax news on output
We begin with the SVAR framework of Blanchard and Perotti (2002) , that uses 200 quarterly data on total tax revenues (T t ), government spending (G t ) and output (X t ) to investigate the dynamic effects of tax shocks on the U.S. economy. The structural model with four lags has the following form,
where responses. This system can be estimated using the residuals of the tax and government spending equations as instruments for the regressors in the output equation (Blanchard and Perotti, 2002) .
and make three reasonable assumptions in addition to those of Blanchard and Perotti (2002) . Namely, that tax policy news have no immediate impact on current tax revenues (a N = 0), government spending (b N = 0) and output
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(c N = 0). This identification scheme implies that structural tax and spending shocks of (6) exactly coincide with those of (5). Together, the six restrictions exactly identify the structural shocks of system (6), including the structural tax news shock and its effects on the economy. The unrestricted coefficients d i can again be estimated via the instrument variable approach described above.
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We estimate model (6) We report transformed impulse response functions that represent multipliers in the vein of Blanchard and Perotti (2002) . Each multiplier signifies a dollar response to a dollar shock in the fiscal variable. Following Leeper et al. (2013b) ,
we apply the tax revenue data to scale the impulse responses to a tax news shock.
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If not indicated otherwise, impulse responses are reported with 90% confidence intervals computed by Monte-Carlo simulations with 1000 replications. Our main interest lies in the responses of output to our tax policy news measure. During the first three quarters after a tax policy news shock output reacts with a positive response. The peak response is reached after three quarters at about 0.12. After that, influence of presidential tax policy news vanishes and
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does not have a long run effect on output.
The effects of presidential tax news on consumption and investment
To further investigate the transmission channel of tax news to output, we follow a strategy proposed by Blanchard and Perotti (2002) to extend the SVAR in (6).
Sequentially, we add an equation with private consumption and investment as components of GDP to the system. Following Blanchard and Perotti (2002) In contrast to the adverse effects of a tax shock, increased tax policy news by 285 the president temporarily increase both private consumption and investment.
Whereas private consumption is modestly stimulated for a period of three quarters, the positive effect on private investment is comparatively strong and longer lasting (six quarters). These results corroborate the findings of a positive effect on output. 
Controlling for tax foresight
Aside from the necessity to expand the set of conditioning variables in a VAR by fiscal expectations to recover the true (unexpected) structural tax shock (Leeper et al., 2013a) , we want to control for news on future expected tax changes for a second reason. Empirical findings from Leeper et al. (2013b) and 295 Mertens and Ravn (2012) reveal that expected tax increases cause economic activity to rise temporarily. These findings are consistent with intertemporal substitution effects, triggered during the preimplementation phase of announced tax increases.
Presidential speeches are an obvious source for information on future tax 300 changes. As our presidential TPNM is constructed on these sources, it could be correlated with information on anticipated tax changes. However, our TPNM only captures the presidential priority for tax policy but not the direction of future tax changes. To avoid this potential misinterpretation and isolate the effects of anticipated tax changes, we need to control for such.
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We follow Leeper et al. (2013b) and control for anticipated tax changes in the SVAR model (6) by including the 'implicit tax rate' as fifth variable. The implicit tax rate reflects expected tax changes that are implied by the yield spread between tax exempt municipal bonds and taxable government bonds.
Identification is achieved analogously to (6), with the additional assumptions 310 that the implicit tax rate does not affect the system contemporaneously.
[ Figure 5 about here.]
The results are depicted in Figure 5 . An increase in the implicit tax rate, interpreted as an anticipated tax increase, stimulates output significantly for about 7 quarters. This is consistent with findings from Leeper et al. (2013b) 315 and and can be explained by intertemporal substitution effects. More importantly, we find that the temporary positive effect from increased presidential tax news persists. Thus, the temporary positive effect is no spurious anticipated tax effect caused by coincidental correlation of our TPNM with information on future expected tax changes. 
Investigating transmission channels of sentiments
The preceding results show that explicit tax policy statements by the president increase economic activity in the short run via stimulating private consumption and investment. The question remains: What are the transmission channels through which these announcements affect private consumption and 325 investment? A likely channel is the perception of tax policy and its effect on people's beliefs about future economic conditions. In this respect, confidence and uncertainty are two possible determinants of overall sentiment that are likely to be affected by presidential announcements (see, e.g., Wood et al., 2005; Blinder and Watson, 2016) .
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Presidential speeches are political instruments. Therefore, presidents will try to use speeches to impose positive interpretations of the economy and advertise policy measures directed to improve economic conditions (De Boef and Kellstedt, 2004) . In a multitude of presidential documents we find evidence for such rhetoric. For example, there is talk of: "sustained economic growth and job cre-335 ation", "enable taxpayers to plan for their future with more confidence", "help millions of American families", "relief is on the way", "the President's plan is fair", "provide certainty to middle-class families", "closing unfair loopholes", "make ours the land of the future, offering unlimited opportunity", "ensure a full economic recovery", etc. 4 All of these quotes clearly target people's economic 340 perception in an attempt to improve sentiment, foster a feeling of security or the sense of fairness. If such positive rhetoric predominates tax policy statements it could be effective in raising sentiment, which in turn, boosts short term consumption and investment (see, e.g., Blinder and Watson, 2016) .
To investigate whether tax policy announcements are characterized by a 345 positive tone, we conduct a sentiment analysis based on a dictionary of positive and negative sentiment words by Liu et al. (2005) . 5 In the style of Hansen and
McMahon (2016), we measure the relative difference of positive and negative sentiment words in the 844 tax policy statements that comprise our TPNM as follows: 
The role of policy uncertainty
As noted by Blinder and Watson (2016) uncertainty and confidence are some-415 times viewed as two sides of the same coin. If people gain confidence regarding future economic conditions due to repeated statements by the president adver-tising, e.g., a "fairer tax system", "future economic growth" or a "bright future with more confidence", this should be reflected in lower uncertainty.
To test this notion, we draw on the monthly economic uncertainty indexes
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by Baker et al. (2016) . Among others, it contains monthly indexes for fiscal and tax policy uncertainty. This data allows us to study the effects of presidential statements on uncertainty surrounding related policy fields.
Similar to the consumer confidence data, the monthly categorized uncer- Figure 8 shows the impulse responses of tax policy uncertainty and fiscal policy uncertainty to a 1% point increase in our presidential tax policy news measure for two different lag specifications. 8 Results show that an increase of the tax policy news content in presidential speeches by 1% point lowers the tax and fiscal policy uncertainty indexes by roughly 0.5 index points after two 440 months and around 1 index point after three months. Accumulated, a 1% point increase of the tax topic in presidential speeches lowers tax policy uncertainty 7 Including these indexes in the SVAR frameworks, would require the aggregation to quarterly data from 1985:1 to 2007:12, thereby eliminating more than half of the observations while simultaneously increasing the number of variables in our model. 8 The majority of lag length criteria opt for a lag length of p = 4. Given the monthly frequency of the data we also estimated the VARs with p = 6 lags to cover half a year.
by 3.80 index points (p = 6) and fiscal policy uncertainty by 3.87 index points after six months (see Figure 9 ). These results can be explained by the fact that the indexes count those ar-445 ticles containing word quadruplets which include words in regards to economic policy and the words "uncertainty" or "uncertain". As such, these measures should be lower subsequent to an informative tax policy statement by the president (Eshbaugh-Soha, 2013).
Our findings provide an additional explanation why the TPNM stimulates 
Conclusion
Modern economies are characterized by a close interaction between politics and economics. As the central actor on the political stage, the president holds a 460 unique position to influence public opinion through his policy communication.
We apply a probabilistic topic model to construct a measure that captures the tax policy priority of the president over time. In addition, a dictionary-based sentiment analysis reveals the tone in the presidential tax policy statements.
Our impulse response analyses show that a positive shock in our measure 465 stimulates output temporarily. The stimulus can be explained by increased private consumption and investment. The positive effect on output persists after controlling for tax foresight, suggesting the existence of a distinct sentiment effect. To shed light on this notion, we investigate two sentiment-driven transmission channels through which tax policy communication may influence 470 economic activity: consumer confidence and policy uncertainty. We find that a shock in our measure increases consumer confidence, which can be explained by the positive rhetoric adopted in presidential tax policy statements. In accordance, we find that presidential speeches reduce policy uncertainty as expressed in newspaper articles. This mitigates the known adverse effects on consumption, 475 investment and output stemming from policy uncertainty. The number of unique words in the prepared corpus = 67, 133. 5 1945 1947 1949 1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 Legislative lag Legislative lag Probabilities 5 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 Legislative lag Legislative lag probs : Impulse responses to a 1% point increase of tax policy news and a $1 increase in taxes from the SVAR extension in (7) with a BP Y = 2.08. BP denotes a calibration of the output elasticity of tax revenues according to Blanchard and Perotti (2002) . Shaded regions are the 90 percent confidence intervals, based on Monte Carlo simulation with 1000 iterations (assuming normality). : Impulse responses to a $1 increase in taxes, 1% point increase of tax policy news, and $1 increase in anticipated taxes from the SVAR specification using the implicit tax rate to control for foresight (see, Leeper et al., 2013b ) and a BP Y = 2.08. BP denotes a calibration of the output elasticity of tax revenues according to Blanchard and Perotti (2002) . Shaded regions are the 90 percent confidence intervals, based on Monte Carlo simulation with 1000 iterations (assuming normality). A. Selected quotes from presidential speeches with high tax policy relevance [ Table 5 about here.]
B. Additional validation of the monthly tax news measure
To further validate the informational adequacy of our TPNM we run regres-570 sions in the vein of DiMaggio et al. (2013) . Specifically, we regress the monthly word count for topic 27 on a dummy variable that marks the legislative lag of documented tax reforms (=1). We control for the overall attention to tax related words in presidential documents (i.e., tax words in a context other than tax policy) by including a measure for all words assigned to the remaining 99 575 topics. Column I of table 4 shows the results.
[ Table 4 about here.]
We find that presidential documents contain, on average, 205 words more from topic 27 during legislative lags than in non-reform periods. As the timing of legislative lags is based on information external to our data set, this adds to 580 the validity of our interpretation for topic 27.
Regressions II and III further refine the analysis. To ensure that the tax topic is actually a policy topic and not distorted by loosely related tax issues, such as the president's annual tax return, we control for fiscal policy related words. Hence, we regress the monthly word count for our tax topic on the word 585 count of a fiscal policy topic (see Table 3 , topic 100). Results in column II
show that the quantity of words from topic 100 has a positive and significant effect on the occurrence of words from topic 27 in each document. For every two words more related to fiscal policy (e.g., words like budget, spending, fiscal, or deficit), a given document will also contain one additional word related to 590 the tax topic. These results underline that topic 27 actually forms a tax policy measure. Results from column III further corroborate these findings and serve as an additional robustness check.
On a more technical note, an important feature of our measure is its ability to identify tax policy relevant documents that are seemingly irrelevant at first 
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C. Robustness to alternative output elasticities of taxes calibrations
Recently, the sensitivity of output multipliers to different calibrations of the output elasticity of tax revenues a Y has given rise to debate. Caldara and Kamps (2012) show that the effects on output hinge critically on the estimated elasticity of tax revenues to output. Loosely speaking, the elasticity scales the output The same holds for the SVAR extension in (7), when using the two alternative calibrations for output elasticity of tax revenues. Figure 11 shows the results for a M R Y = 3.13 and Figure 12 shows the results for a P L Y = 2.2. As ex-640 pected, the higher elasticities scale up the effects on both output components.
Yet, results remain unchanged. A tax increase lowers private consumption and investment, while an increase in the TPNM positively affects both consumption and investment.
Finally, Figure 13 plots the results from the SVAR model with tax foresight.
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The two alternative calibrations for a Y have the previously discussed scaling effect on the output multiplier, without altering the narrative. Results stemming from presidential tax policy news are unchanged.
[ Figure 13 about here.] Reform Quote "The key idea in our proposal is that by ironing out the complexities and closing unfair loopholes, by making everyone pay their fair share, we can make the system more equitable and dramatically lower marginal tax rates without a loss in revenue."; "In other words, our fair share plan is also a progrowth tax plan."; "In the end, all America will benefit from this fairer, progrowth tax plan." reductions permanent"; "In the past three years, President Bush has proposed and signed into law three bills reducing the tax burden on American families and small businesses to spur savings, investment, and job creation."
The table presents selected quotes from presidential speeches which have high probability under the tax policy topic. We show the corresponding document title to each quote, along with addition metadata. This includes the unique ID, allowing to find the speech on www.presidency.ucsb.edu, the date on which the speech was given, the president giving the speech, and the probability of this speech to be tax policy relevant. : Impulse responses to a $1 increase in taxes, 1% point increase of tax policy news, and $1 increase in anticipated taxes from the SVAR, augmented with the implicit tax rate, under alternative calibrations for the output elasticity of tax revenues. a M R Y denotes a calibration according to Mertens and Ravn (2014) and a P L Y according to estimates in Pereira and Lopes (2014) . Shaded regions are the 90 percent confidence intervals, based on Monte Carlo simulation with 1000 iterations (assuming normality).
